PastureBase Ireland: A grassland decision support system and national database by Hanrahan, Liam et al.
Computers and Electronics in Agriculture 136 (2017) 193–201Contents lists available at ScienceDirect
Computers and Electronics in Agriculture
journal homepage: www.elsevier .com/locate /compagOriginal papersPastureBase Ireland: A grassland decision support system and national
databasehttp://dx.doi.org/10.1016/j.compag.2017.01.029
0168-1699/ 2017 The Authors. Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
⇑ Corresponding author at: Teagasc, Animal and Grassland Research and Inno-
vation Centre, Moorepark, Fermoy, Co. Cork, Ireland.
E-mail address: Liam.Hanrahan@teagasc.ie (L. Hanrahan).Liam Hanrahan a,b,⇑, Anne Geoghegan a, Michael O’Donovan a, Vincent Griffith a, Elodie Ruelle a,
Michael Wallace b, Laurence Shalloo a
a Teagasc, Animal & Grassland Research and Innovation Centre, Moorepark, Fermoy, Co. Cork, Ireland
b School of Agriculture and Food Science, University College Dublin, Belfield, Dublin 4, Ireland
a r t i c l e i n f o a b s t r a c tArticle history:
Received 7 July 2016
Received in revised form 22 December 2016
Accepted 23 January 2017
Available online 22 March 2017
Keywords:
PastureBase Ireland
Grassland farming
Dry matter production
Decision support
Centralized databasePastureBase Ireland (PBI) is a web-based grassland management application incorporating a dual func-
tion of grassland decision support and a centralized national database to collate commercial farm grass-
land data. This database facilitates the collection and storage of vast quantities of grassland data from
grassland farmers. The database spans across ruminant grassland enterprises – dairy, beef and sheep.
To help farmers determine appropriate actions around grassland management, we have developed this
data informed decision support tool to function at the paddock level. Individual farmers enter data
through the completion of regular pasture cover estimations across the farm, allowing the performance
of individual paddocks to be evaluated within and across years. To evaluate the PBI system, we compared
actual pasture cut experimental data (Etesia cuts) to PBI calculated outputs. We examined three compar-
isons, comparing PBI outputs to actual pasture cut data, for individual DM yields at defoliation
(Comparison 1), for cumulative annual DM yields including silage data (Comparison 2) and, for cumulative
annual DM yields excluding silage data (Comparison 3). We found an acceptable accuracy between PBI
outputs and pasture cut data when statistically analyzed using relative prediction error and concordance
correlation coefficients for the measurement of total annual DM yield (Comparison 2), with a relative pre-
diction error of 15.4% and a concordance correlation coefficient of 0.85. We demonstrated an application
of the PBI system through analysis of commercial farm data across two years (2014–2015) for 75 com-
mercial farms who actively use the system. The analysis showed there was a significant increase in
DM yield from 2014 to 2015. The results indicated a greater variation in pasture growth across paddocks
within farms than across farms.
 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The ability of Irish farms to grow and utilize grass in an efficient
and profitable manner is widely considered to be a major compet-
itive advantage over other ruminant producing countries in terms
of low cost animal production (Hurtado-Uria et al., 2013). Research
has shown that each 10% increase in the percentage grazed grass as
a proportion of the overall diet of a dairy cow reduces the cost of
milk production by 2.5c/l (Dillon et al., 2005). This is further
emphasized by Finneran et al. (2010) reporting that grazed grass
is the most cost effective feed available to all ruminant livestock
production systems with a relative cost ratio in 2010 of grazed
grass to grass silage and to concentrate of 1:1.8:2.4. The removalof European milk quota restrictions in April 2015 has provided
Irish dairy farmers with the opportunity to increase milk output
nationally for the first time in a generation. In Ireland, the prof-
itability of such expansion should centre on increasing grass
growth and grass utilization at farm level (Shalloo et al., 2011).
While significant expansion is expected with the removal of milk
quota (Läpple and Hennessy, 2012), such expansion coupled with
volatile global milk markets requires that farmers develop sustain-
able milk production systems focused on technical and financial
efficiencies (Kelly et al., 2012). Many studies have highlighted
the potential for increased output and productivity from grazed
grass through a focus on key components of different aspects of
grass based systems. PastureBase Ireland (PBI) has the capability
of providing support around grassland management decisions
through the provision of decision support tools, and also has the
potential to contribute to new research around grassland
management.
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7.1t of grass DM/ha (Creighton et al., 2011), while more efficient
farms are growing and utilizing in excess of 12–14t of grass DM/
ha over a 280 day grazing season with stocking rates of over 3
cows/ha (Shalloo et al., 2011). A wide range of factors affect pas-
ture growth at farm level which are outside of a farmer’s control
including soil type, region, altitude and meteorological conditions.
However Shalloo et al. (2011) highlighted grassland management,
soil fertility and national reseeding levels as having a strong influ-
ence on overall pasture production in Ireland. These are areas of
grassland farming that could be vastly improved with the aid of
data informed decision making on farm. There are further benefits
to be realized from regular pasture measuring and budgeting
including greater spring grass supply through improved autumn
management, optimum utilization of spring grass, early identifica-
tion of pasture surpluses and deficits and the achievement of
higher performances from pasture based systems (O’Donovan
and Dillon, 1999).
The advancement of the internet and in particular the prolifer-
ation of smart phones has created opportunities for the develop-
ment and use of decision support tools that are web enabled
(Crowley et al., 2013) such as PBI. The key objective of most of
the tools developed is to increase the information available to help
the decision making process at farm level (Minchin et al., 2010),
while facilitating the collation of large quantities of data in a cen-
tral data storage platform. The inclusion of the data storage func-
tion dramatically increases their functionality, as it enables the
development of longer term research based solutions to be estab-
lished from data collected over a long term period, across a large
range of farms. It also provides an automatedmechanism to bench-
mark farms across a whole range of differing criteria from time to
region. In the international literature there are examples of deci-
sion support tools aimed at improving the decision making process
around key aspects of the farm. In the U.S. a goal-oriented decision
support tool was developed to determine the best grazing manage-
ment strategies for California and other Western states (Barry
et al., 2005). Australia has developed a range of decision support
tools across different aspects of the dairy farm business such as
Grazplan (Donnelly et al., 2002). Other grassland management
tools include Agrinet which was developed in Ireland and Pasture
Coach which is in use in New Zealand.
The objective of this study is to describe, evaluate and demon-
strate the utility of a web based grassland decision support tool
(PastureBase Ireland (PBI)) for use on grassland farms in Ireland.2. Materials and methods
2.1. PBI overview
PBI contains a web based PC or smart phone enabled user inter-
face linked to a grassland database which has a dual function of
providing real time decision support for farmers and farming prac-
titioners while capturing farm grassland data in the background for
benchmarking and research purposes. The system operates with
the individual farm paddock as the basic unit of measurement
for the farm. The system is operated by the farmer entering the
grassland information through the web front end and thus the
accuracy and usefulness of the system is determined by the level
and accuracy of the data recorded by the user with predefined ver-
ification rules programmed into the system. Such verification
checks include restrictions on pasture cover estimations (0–
3500 kg DM/ha), silage yields (0–10,000 kg DM/ha), residual
heights (2.5–9 cm), the time period in which the start and end
dates can be chosen for the spring and autumn rotation planners
and also rotation lengths in days. All measurements on PBI aredescribed and calculated on a per hectare basis for individual
paddocks.
The farmer builds a profile for each paddock through a user
friendly intuitive interface by entering information on paddock
size, location, soil type, altitude, drainage, etc., which can then be
linked to paddock performance over time. Data on paddock charac-
teristics can potentially assist in explaining how individual pad-
docks perform. This data also allows the farm to be categorized
at paddock, farm and regional level for the purpose of benchmark-
ing or as part of ongoing research. The farmer enters weekly pas-
ture cover estimations, from which PBI produces a series of daily
and periodic outputs depending on the requirements of the end
user (Fig. 1). Daily outputs are used for increasing the precision
of daily grassland management decision making. The periodic out-
puts allow for further analysis of paddock and farm performances
over a greater time period.2.2. Decision support tool
The grass wedge is mainly a mid–season grazing management
tool (Macdonald et al., 2010). It is a snapshot in time of the amount
of grass that is on a farm and its relationship to livestock demand
in the form of a bar chart with each bar representing the pasture
cover of an individual paddock in descending order. The demand
line indicates the amount of feed required for a specific stocking
rate, rotation length and livestock requirement. The grass wedge
is generated from weekly pasture cover estimations and allows
informed decision making around the implementation of grassland
management strategies such as removing pasture surpluses when
there is an excess, or reducing demand by introducing supplemen-
tation when pasture is in deficit.
The grass budget and the spring & autumn rotation planners
(Macdonald et al., 2010) work simultaneously and aid in allocating
the optimum quantity of pasture at these critical times in the graz-
ing calendar when growth rates are typically lower than demand
on dairy farms. This is of major importance as grassland manage-
ment in the autumn will largely influence spring grass supply
(O’Donovan and Dillon, 1999). The spring and autumn rotation
planner’s function through area based calculations which are
determined by rotation lengths. The rotation planners specify the
area of grassland that a farmer can afford to allocate to the live-
stock on a daily basis to maximize the amount of pasture in the
diet over the time period of interest. The grass budget operates
on a kg DM basis which is automatically populated through pas-
ture cover estimations entered by the farmer. This allows daily
allocations to be determined and pre-planned, incorporating pas-
ture supply and demand predictions during a period of the farmer’s
choice.2.3. Farmer inputs
Pasture cover estimations are entered on a weekly basis for the
best use of the system. Estimations are taken by using either a
platemeter (Jenquip, Fielding, New Zealand) (O’Donovan et al.,
2002b) or by visual assessment (O’Donovan et al., 2002a). As the
farmer enters the pasture cover estimations through the interface
(Fig. 2), there are 5 different paddock status options available for
selection. These are:
a. Grass – Area which is available for grazing
b. Being Grazed – Area which is currently occupied by livestock
c. Silage – Area which is earmarked for silage making
d. Reseed – Area which is under-going the reseeding process
e. Other Enterprise – Area which is being used for purposes
outside of the main enterprise
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Fig. 1. Flow diagram of PastureBase Ireland system.
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between two cover estimations the farmer is prompted to enter
defoliation (grazing or silage event) details into the system. A graze
or cut date and a residual are required for the paddocks in ques-
tion. The farmer enters the date for each defoliation event for each
paddock to allow for the correct historic growth rate calculations
to be generated. This information is also required to calculate the
average number of defoliations per paddock across the farm. A
basic part of the interaction with the system is the weekly input
of livestock details such as cow numbers and DM intakes to calcu-
late daily farm demand, stocking rates and allocations per livestock
unit. Reseeding dates, methods and cultivars are recorded along
with soil tests as and when they occur.2.4. Estimating growth
The PBI system functions through a series of calculations which
uses the data entered by farmers to produce a number of pasture
growth reports. The method used to calculate the growth rate of
the paddock is determined by the paddock status (Grass, Being
Grazed, Silage, Reseed, or Other Enterprise). The following pasture
growth calculations are included in the system.2.4.1. Daily growth rate – paddock
Daily pasture growth rates (kg DM/ha/day) are calculated for all
paddocks that have a paddock status as ‘Grass’ and have a cover
estimate that is greater than or equal to the previous pasture cover
estimate.
Growth rate
¼ pasture cover estimate previous pasture cover estimate
days
ð1Þ
(Days = cover date – previous cover date)
In the case where a platemeter is used as an estimation method,
the growth rate is calculated by firstly converting the platemeter
compressed sward height (CSH) (cm) to a pasture cover estimate
(kg DM/ha) based on the following equation:
Herbage ¼ ðsward height ðcmÞ  residual height ðcmÞÞ
 sward density ðkg DM=cm3Þ ð2ÞSward density = pasture cover mass; kg DM/ha/(pre-cutting –
post cutting CSH); kg DM cm3 (Delaby and Peyraud, 1998) (This
parameter is set within PBI by the administrator)
Fig. 2. Screenshot of PastureBase Ireland user interface for entry of pasture cover estimations.
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there is a ‘graze date’ required and prompted for the farmer,
because the same calculation cannot be used for this growth, a dif-
ferent calculation is used. This is to account for growth between
the previous cover date and the graze date and growth between
the graze date and the subsequent cover estimation.
Growth
¼ ððprevious growth ratedays pregrazingþcover estimateÞ residualÞ
days
ð3Þ
Previous growth rate = previous growth rate for that paddock
from the previous cover estimation
Days pre-grazing = graze date – previous cover date
Cover estimate = next pasture cover estimation on cover date
Days = cover date – previous cover date
Residual (kg DM/ha) = (standard residual height (cm) – grazing
residual (cm))  sward density (kg DM/cm3)
Standard residual height (cm) = 4 cm (O’Donovan et al., 2002b)
Grazing residual = residual entered by the farmer on recording
of a defoliation event; if no value is entered the standard resid-
ual height is assumed to be valid
2.4.2. Daily growth rate – farm
A daily farm growth rate (kg DM/ha/day) is calculated using all
paddocks that have a pasture cover estimate greater than the pre-
vious pasture cover estimate. Daily farm pasture growth is calcu-
lated as the difference in pasture cover estimates on all paddocks
with a current paddock status of ‘Grass’ and the previous paddock
status of ‘Grass’. The daily growth rates are only calculated where
there are two measurements within a defined period.Daily Farm Growth Rate ¼
P
iððPaddocki growth rateÞ  areaiÞ
toatla area
ð4Þ
i = All paddocks which have pasture growth of zero or greater
with a pasture cover estimate greater than the previous pasture
cover estimate (paddock 1, 2 . . .n)
Total area of all paddocks which have pasture growth of zero or
greater with a pasture cover estimate greater than the previous
pasture cover estimate
2.4.3. Cumulative pasture growth (Paddock & Farm)
Cumulative growth (kg DM/ha) is the sum of all the pasture
grown in a defined period between two specific dates. This is mea-
sured at paddock and farm level on a per hectare basis.
a. ‘Grass’
Cumulative DM yield of each paddock is calculated by the sum
of all daily pasture growth rate figures for each paddock.
b. ‘Being Grazed’
During a farm walk to complete a farm cover there will in gen-
eral be one or more paddocks being grazed by livestock. When a
paddock is classified as being grazed then it is difficult to get a
reflective assessment of the pasture cover before being grazed. In
that situation the previous week’s growth rate is classified as the
actual growth rate for that week as it is not possible to calculate
a growth rate for the week in question for that paddock.
c. ‘Silage’
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is calculated for this paddock during this period. This is an indica-
tion that the paddock is being removed from the grazing rotation
for a period of time. When silage is harvested off a paddock, the
farmer is prompted to change the paddock status from ‘Silage’ to
‘Grass’. The farmer is then prompted to record a cut date, silage
DM yield and a residual. This silage DM yield value is held as a
record of silage production and used for calculating cumulative
DM yields. Any growth rates which may have been previously cal-
culated between the previous ‘graze date’ and the ‘date cut’ are
removed to avoid double counting.
Pasture growth (kg DM/ha/day) is then calculated for the pad-
dock regrowth from the cut date to the current cover estimate
through the following equation;
Growth rate ¼ ðcover estimate residualÞ
days
ð5ÞResidual (kg DM/ha) = (standard residual height (cm) – grazing
residual (cm))  sward density (kg DM/cm3)
Days = cover date – cut date (date paddock was cut for silage)
d. ‘Reseed’
This paddock status is selected while the reseeding process is
taking place and for as long as the paddock is out of the rotation.
No growth rate is calculated when this option is selected. The sys-
temwill resume calculating growth rates for the paddock when the
‘Grass’ option is selected which indicates the paddock has returned
to the grazing rotation.
e. ‘Other Enterprise’
No growth rate is calculated when this paddock status option is
selected if no pasture cover estimate is taken otherwise the calcu-
lations from above apply.2.5. System evaluation
The capacity of PBI was evaluated to estimate individual (pas-
ture cover at any one defoliation event) and cumulative pasture
DM yields from weekly entered pasture cover estimations. We
evaluated the system by comparing specific PBI outputs with
actual (Etesia) pasture cut information from 33 paddocks consist-
ing of 252 defoliations across 2014 on the Moorepark research
farm (Teagasc, Animal & Grassland Research and Innovation Cen-
tre, Moorepark, Fermoy, Co. Cork, Ireland) (latitude 5007 North,
816 West).
Farm pasture cover estimations were consistently completed on
a weekly basis throughout the grazing season (consisting of 40 pas-
ture cover estimations) using the visual assessment method of esti-
mation of pasture cover (O’Donovan et al., 2002a) based on best
practice within the Irish dairy industry. A team was used to take
the pasture cover estimates to increase the accuracy of the estima-
tions and to minimize errors through consultations. The pasture
cover estimations recorded by the measurement team were con-
tinuously calibrated by comparing to cutting and weighing meth-
ods to ensure accuracy within and across recorders (O’Donovan
et al., 2002a).
Pasture cuts for use in the comparisons with PBI outputs were
taken every Monday and Thursday on the paddocks which were
due to be grazed in that week. This practice was carried out for
the full grazing season. These cuts were taken using an Etesia
mower (Etesia UK Ltd., Warwick, UK). The paddock available pas-ture (>4 cm) was determined by harvesting two strips
(1.2  10 m) of pasture on the closest date preceding the grazing
of the paddock. All harvested pasture was then collected and
weighed with a subsample (100 g) of this removed pasture taken
for DM analysis. The DM percentage of the pasture was determined
by drying this subsample in an oven for 16 h at 90 C. This informa-
tion collected through the Etesia cutting process was used to accu-
rately calculate the DM yield of each paddock before each grazing
event. This is seen to be the gold standard of field pasture cover
measurement in the industry and has been used in previous stud-
ies (Creighton et al., 2012; Kennedy et al., 2006; McCarthy et al.,
2013).
2.6. Statistical analysis
The accuracy of the PBI (computed) and Etesia (actual) compar-
ison was evaluated by statistically analysis using the root mean
square error (RMSE) (Bibby and Toutenburg, 1977), the relative
prediction error (RPE) (Rook et al., 1990) and concordance correla-
tion coefficients (CCC) (Lin, 1989) as used in previous studies
(Baudracco et al., 2013; Delagarde et al., 2011; Ruelle et al.,
2015). The RMSE was calculated using the Etesia cut data as the
measure of actual data and PBI output as the predicted estimate.
The RMSE provides information on the accuracy of the simulation
by comparing term by term the actual and predicted data. The
lower the RMSE suggests greater accuracy within the simulation.
The RPE is calculated using the mean value of the Etesia outputs
as the actual data. According to (Fuentes-Pila et al., 1996), an RPE
lower than 10% indicates a satisfactory prediction, between 10%
and 20% is a relatively acceptable prediction, and an RPE greater
than 20% suggests a poor prediction. The CCC evaluates the corre-
lation between two datasets but also the deviation from the 45
line. The CCC is composed of two components, the Pearson correla-
tion coefficient and the bias correction factor. The Pearson correla-
tion coefficient evaluates how far each observation deviated from
the best-fit line whereas the bias evaluates the deviation from
the 45 line (Bias = 1 if no deviation). The strength of agreement
is considered poor if the CCC is lower than 0.65, moderate if
between 0.65 and 0.80, substantial if between 0.80 and 0.90 and
excellent if greater than 0.90 (McBride, 2005).
2.7. Evaluation comparisons
In the evaluation process we compared PBI outputs to corre-
sponding Etesia cuts for
(1) DM yields of individual defoliation events for all 252 defoli-
ations to determine the capability of the system to calculate
pasture cover at each grazing or silage event (Comparison 1),
(2) Total DM yields of each paddock for the full grazing season
including silage data (Comparison 2),
(3) Total DM yields of each paddock excluding silage data for
the full grazing season (Comparison 3).
All comparisons were completed on a per hectare basis. The
inclusion and exclusion of silage data was considered when calcu-
lating cumulative DM yields to gain a more in depth insight into
the two measurements under an intensive grazing environment.
2.8. System application
The utility of the systemwas demonstrated by analyzing annual
and seasonal DM yields of commercial farms across 2014 and 2015,
with particular interest in the variation within and between farms.
This analysis was completed using a sub sample of PBI users, con-
taining 75 farms which on average had 34 paddocks each. Each
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Fig. 3. Individual defoliation event measurements from PastureBase Ireland and
pasture cut data (Etesia cuts) across the 2014 grazing season. Solid line is the
regression line. Dashed line is the one-on-one line.
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cut data (Etesia cuts) for the 2014 grazing season including silage data. Solid line is
the regression line. Dashed line is the one-on-one line.
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completed in each year to ensure a high level of accuracy amongst
the data. The information used was downloaded from the PBI data-
base to Microsoft Excel to facilitate analysis of the data. The data
was categorized by spring (1 Feb – 10 Apr), mid-season (11 Apr
– 6 Aug), autumn (7 Aug – onwards) and total annual DM yield
as defined by McEvoy et al. (2011). The DM yield mean and stan-
dard deviation were calculated at farm and paddock level across
all 75 farms containing 2547 paddocks, for each year on an annual
and seasonal basis. A t-test was then completed using the SAS 9.3
statistical analysis program to determine the significance of the
differences in DM yield between 2014 and 2015.
3. Results
3.1. System evaluation
When PBI was compared to individual pasture cuts (Comparison
1) the RMSE for DM yields at each defoliation event was 409 kg
DM/ha resulting in an RPE of >20%. The comparison also had a
CCC of 0.91 and a bias of 1 (Table 1). Fig. 3 displays a regression
analysis of the Etesia cuts and the PBI system; the association
between methods had an R2 of 0.84.
When PBI was compared on the cumulative DM yield (Compar-
ison 2) the RMSE for DM yield per hectare was 2270 kg DM/ha
resulting in an RPE of 15.4%. The comparison also had a CCC of
0.85 and a bias of 0.97 (Table 1). The association between PBI
and cumulative Etesia yield resulted in an R2 of 0.58 (Fig. 4).
When PBI was compared on the cumulative DM yield excluding
silage cuts (Comparison 3) RMSE for DM yield per hectare was
2266 kg DM/ha resulting in an RPE of >20% when silage data was
excluded. The comparison also had a CCC of 0.84 and a bias of
0.9 (Table 1). The association between PBI and cumulative Etesia
yield excluding silage cuts resulted in an R2 of 0.88 (see Fig. 5).
3.2. System demonstration
The analysis of commercial farm data demonstrates the varia-
tion in cumulative pasture growth across farms and across pad-
docks within farms for 2014 and 2015 (Table 2). The seasonal
distribution in 2014 of pasture growth across the spring, mid-
season and autumn periods were 8%, 52% and 40% respectively.
There was a significant increase in total farm pasture growth in
2015 over 2014 (P 0.0434). On a seasonal basis the spring (P
0.0025) and autumn (P 0.003) increase were also significant but
not for the mid-season growing period. The seasonal distribution
of growth in 2015 across the spring, mid-season and autumn peri-
ods were 9%, 50% and 41% respectively.
4. Discussion
The advancement of decision support tools in agriculture centre
on the complex nature of the decision making processes around
key aspects of the farm from a strategic or tactical management
perspective (Rogers et al., 2004). These decision support systems
typically are integrated through computerized approaches to assist
the user in problem solving or decision making (Newman et al.,Table 1
Statistical comparison of outputs from PastureBase Ireland and pasture cut data (Etesia cu
PBI mean (kg DM/ha) Pasture cuts m
Individual defoliation events 1886 1920
Cumulative yield including silage 16,412 14,715
Cumulative yield excluding silage 12,102 10,4142000). Effective decision support tools integrate information from
a number of sources allowing for more informed decisions to be
made, which can direct farmers towards more efficient production
strategies. As outlined by Groves (1999) the increased use of tech-
nology at farm level can have significant economic and social ben-ts) for the 2014 grazing season.
ean (kg DM/ha) RMSE (kg DM/ha) RPE (%) CCC Bias
409 21.3 0.91 1
2270 15.4 0.85 0.97
2266 21.8 0.84 0.9
Table 2
Mean and standard deviation of PastureBase Ireland commercial farm data for the DM yield of 75 farms for 2014 and 2015 on an annual and seasonal basis.
Spring (kg DM/ha) Mid-season (kg DM/ha) Autumn (kg DM/ha) Total (kg DM/ha)
2014 Farm 843 (±380) 5478 (±1693) 4274 (±1066) 12,733 (±3026)
Paddock 824 (±582) 5363 (±3201) 4190 (±1766) 12,452 (±4712)
2015 Farm 961 (±317) 5588 (±1388) 4567 (±1188) 13,197 (±2753)
Paddock 943 (±557) 5460 (±3006) 4492 (±1858) 12,928 (±4721)
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ticular through the use of the internet and smart phones.
PBI provides instant collection and storage of live data with out-
puts that are produced in real time, as well as having centralized
data storage mechanisms. This allows for the direct connection
with different groups and organizations including advisors and
researchers aiding in the development of new technologies and
research innovations. PBI encourages farmers to interact with deci-
sion support tools resulting in a win: win situation as the grassland
farmer uses the tool to assist in making better decisions while the
data is collated in a centralized database. Issues at farm level also
will be viewed much faster due to the direct link with the admin-
istrators, advisors and researchers using the system together, cre-
ating a step change in the integration of research with farmers,
and ultimately bringing the use of citizen science into real time
grassland research. Citizen science has proved highly successful
in the past in many countries, forming the bedrock of biological
recording in various large research projects particularly in ecology
and environmental sciences (Silvertown, 2009). In the case of PBI
the farmers are the citizen scientists collecting the grassland data
which can fuel a whole new research program. Already, PBI has
led to the creation of discussion forums that support new research
and technology initiatives through increased engagement with
farmers. Discussion groups can be created by county, region, soil
type, grass cultivars, etc., which can allow for a more targeted
approach to benchmarking within and between farms facilitating
citizen science (Silvertown, 2009).4.1. Estimation methods
The measurement of pasture cover and its link to pasture DM
production has been included in numerous previous studies
(Creighton et al., 2012, 2011; García and Holmes, 2005; Kennedy
et al., 2006; McCarthy et al., 2013; O’Donovan et al., 2002a,b).
These previous studies strongly recommend the wide spread use
of pasture measurement and budgeting at farm level; reporting
increases in pasture production and utilization through higher
levels of grassland management. The method of pasture cover esti-
mation used in this study was visual assessment (O’Donovan et al.,
2002a) with the operators being continuously calibrated with the
cutting and weighing method using the quadrat and shears
(O’Donovan, 2000). In a study carried out by O’Donovan et al.
(2002b) it was reported that the visual assessment method with
regular calibrated assessments was the most accurate method of
pasture cover estimation when compared across operators, with
the rising plate meter, sward stick and the pasture probe capaci-
tance meter. In a separate study the visual assessment method
accounted for 90% of the variation in DM yield with a mean stan-
dard deviation for the pooled seasonal error of 265 kg DM/ha when
compared to Agria (Pasture cutting machine; Agria-Werke, Moeck-
muehl, Germany) pasture cut measurements (O’Donovan et al.,
2002a). In conclusion, the visual assessment method of cover esti-
mation can be used accurately provided the observers are contin-
ually calibrated using the cut and weigh method of measurement
(O’Donovan et al., 2002a).4.2. System evaluation
This study focuses on the evaluation of the PBI system and how
accurately the calculations within the system function, as pasture
cover estimation methods have previously been validated
(O’Donovan et al., 2002a,b). The PBI system has a relatively high
level of accuracy considering the comparison involved has three
potential sources of error (visual estimation errors, Etesia cut
errors and methodology errors), in particular as they are in general
field measurements taken in-situ. Therefore, users must consider
the potential implications of errors in pasture cover estimates
when determining stocking strategies and feed budgets. The use
of experimental data in order to evaluate outputs from models is
common practice. Previous research conducted by Hurtado-Uria
(2013) developed a simulated grass growth model and compared
it to another predictive model (Jouven model) (Jouven et al.,
2006a,b). In the evaluation process Hurtado-Uria (2013) compared
the model to actual pasture cut data. The results of our analysis
showed a high correlation between PBI outputs and pasture cut
data but also a high relative prediction error threshold (Table 1).
This positive correlation shows PBI can estimate accurate DM
yields under an intensive grazing environment, which is one of
the core system objectives. The lower level of agreement in Com-
parison 2 (R2 = 0.58) is likely to be caused by the narrow range in
data that results when silage data is included as there is a narrow
range in the annual DM yield of all paddocks, as opposed to when
silage data is excluded (Comparison 3), but conversely has a more
favorable prediction error (RPE of 15.4%).4.3. System application
The demonstration of PBI shows the variation in annual and
seasonal DM yield on farm. Increasing the knowledge around the
reasons for seasonal and annual differences within and across
farms will help reduce variation through determining the most
suitable corrective measures e.g. reseeding, soil fertility, etc. The
utility of the PBI system is also observed under this evaluation pro-
cess for its ability to act as a centralized database for research data.
The results indicate a significant increase in pasture DM yield
across farms from 2014 to 2015 (P 0.0434) and also at paddock
level (P 0.0407). This increase is most likely due to year and
weather effects, with further investigation required over a longer
time period to determine if the use of PBI can be attributed to
increases in DM yield at farm level. This type of data over time will
allow analysis to be completed, identifying the main factors affect-
ing these changes in pasture growth. The results show variations
between farms (Table 2) in 2014 and 2015 which is to be expected
due to varying meteorological conditions, region, soil type and
varying levels of management. However the results display greater
variation across paddocks within farms with an annual higher
standard deviation (Table 2) in 2014 and 2015 which would sug-
gest there is potential to increase growth across paddocks within
farm. The reasons for this underperformance must be explored
with it more likely to be caused by suboptimal soil nutrient status,
poor grass cultivars or inadequate grazing management in those
200 L. Hanrahan et al. / Computers and Electronics in Agriculture 136 (2017) 193–201particular paddocks. The use of PBI allows underperforming pad-
docks to be identified and targeted action to be taken at farm level.
4.4. Decision support system
Farmer interaction is fundamental to the success of PBI and for
the full benefit of the decision support system to be realized. The
four main features of the system the farmer interacts with for
instant application are the grass wedge, grass budget and the
spring & autumn rotation planners (Macdonald et al., 2010). The
use of these specific tools is not restricted to Ireland and are
already widely recognized and used internationally by New Zeal-
and and Australia for the benefits they provide in terms of decision
support (Macdonald et al., 2010). The correct use of these tools
have major advantages in terms of managing pasture supply, qual-
ity and utilization (Creighton et al., 2011). The implementation of
PBI can have a majorly positive effect on farm physical and finan-
cial performance with previous studies clearly illustrating the
advantages of improved grassland management performances on
commercial farms and how this has the potential to increase prof-
its (Shalloo et al., 2011). Information derived from PBI will help
farmers to more easily determine the production capacity of their
farm, while determining the most suitable stocking rates for the
farm’s pasture growth capabilities. This is of major importance as
determining the correct stocking rates for pasture based milk pro-
duction on individual dairy farms has implications on dairy farm
production and profitability (Kennedy et al., 2007; MacDonald
and Penno, 1998).
Previous research has shown that technology adoption can be
limited at farm level (Creighton et al., 2011), however it has been
shown that the use of benchmarking and on farm trials investigat-
ing new practices have the effect of strengthening the relevance
and acceptance of research (Rhoades and Booth, 1982). These find-
ings reinforce the requirement for more interactive dissemination
of research at farm level through the use of tools such as PBI. This
offers farmers a direct link to the latest grassland developments,
which could potentially include the posting of research updates
and technical bulletins on its web front end or interaction with
the latest pasture cover estimation technologies. The accessibility
of such information and knowledge has become increasingly easier
through the advancement of internet technologies creating a stron-
ger channel of communication between research, advisory and
farmers.
4.5. Central database
PBI has the potential to refocus grassland research through the
benefits that will come from the large quantities of on farm infor-
mation collected in the centralized database. As the database
develops this will allow for further evaluation of DM yields at
the paddock level which will ultimately facilitate the evaluation
of different characteristics of the paddock whether its cultivar, soil
fertility, etc. This interlinked research which PBI can provide will
generate vital information for the further development of an eco-
nomic ranking index for perennial ryegrass cultivars (McEvoy
et al., 2011; O’Donovan et al., 2016). This data will provide direc-
tion to the grassland industry in terms of grass breeding for the
most desirable production traits to deliver the most profitable
grassland swards for milk and meat production.5. Conclusion
The study has demonstrated the potential of the newly devel-
oped PBI system to provide decision support for farmers while col-
lating large quantities of grassland data. Appropriate pasturemeasurement and budgeting is the key driver of farm potential
in terms of pasture growth and utilization (Creighton et al.,
2011). For farmers the initial direct impact of PBI will come from
the advancement of the decision making process through regular
pasture measuring and budgeting on farm. These management
practices will allow farmers to enhance their grazing management
skills through grazing pasture at the right stage ultimately increas-
ing intake and quality. This allows farmers to more easily evaluate
paddocks and cultivars on farm which will instill a greater sense of
control over grassland production and therefore increase DM
yields and promote superior pasture feeding regimes. The central-
ized database which PBI supports will contain a wealth of knowl-
edge to facilitate future grassland research programs and
developing new methods of grassland evaluation. In essence, con-
tributing to substantial increases in both productivity and prof-
itability on pasture based farms.References
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